Fig. 1. Structures of the compounds under consideration.
Excellent agreement having effective chemical accuracy was obtained between the G4 ΔacidG°(g) estimates and the experimental dataset, with a mean signed deviation (MSD) of 2.4 kJ/mol, a mean absolute deviation (MAD) of 4.6 kJ/mol, and a root mean squared deviation (RMSD) of 5.2 kJ/mol (Table 1) . Our B3LYP/6-311++G(d,p) calculations yielded higher ΔacidG°(g) errors, with MSD / MAD / RMSD of -7.8 / 8.9 / 11.3 kJ/mol. By comparison, the B3LYP/6-311+ +G(d,p) calculations of Charif et al. [10] on these 10 compounds yield MSD / MAD / RMSD of 2.1 / 19.4 / 34.2 kJ/mol. 1359.0 a from ref. [11] .
b from ref. [10] . c current work.
There is clearly a problem with the reported B3LYP/6-311++G(d,p) ΔacidG°(g) for toluene by Charif et al. [10] (underlined for emphasis in Table 1 ). These authors give a ΔacidG°(g) of 1665.7 kJ/mol that is in error by 101.7 kJ/mol compared to the experimental value [11] of 1564.0±8.4 kJ/mol. Our B3LYP/6-311++G(d,p) calculations obtain a ΔacidG°(g) of 1560.6 kJ/mol, or 105.1 kJ/mol lower than reported by Charif et al. [10] at this level of theory, and only 3.4 kJ/mol lower than the experimental value. The problem appears to be with the molecular free energy Charif et al. [10] report for the benzylic anion of toluene. Our B3LYP/ [10] reported a B3LYP/6-311++G(d,p) ΔacidG°(g) of 1408.4 kJ/mol for diethyl malonate, whereas the NIST database [11] cites an experimental value of 1432.0±8.4 kJ/mol.
The G4 enthalpies of acid dissociation (ΔacidH°(g)) are also in excellent agreement with the experimental dataset, having MSD / MAD / RMSD of 1.1 / 4.8 / 5.7 kJ/mol ( Table 2) . As with the ΔacidG°(g) estimates, the B3LYP/6-311+ +G(d,p) method displays a lower level of accuracy, having ΔacidH°(g) MSD / MAD / RMSD of -9.0 / 10.6 / 12.9 kJ/mol. One application of theoretical ΔacidG°(g) estimates is their potential correlation with pKa values, [10] allowing less expensive gas phase calculations of carbon acids as a proxy for estimated aqueous acidity constants. For the 10 carbon acids being studied, the experimental pKa values range over 45 units between 50 and 5 ( Table 3) . We have plotted the B3LYP/6-311++G(d,p) ΔacidG°(g) reported by Charif et al. [10] (including their erroneous toluene ΔacidG°(g); Figure 2 While the G4 and our corrected B3LYP/6-311++G(d,p) theoretical ΔacidG°(g) both display strong correlations with experimental aqueous pKa values in a manner consistent with the experimental ΔacidG°(g) dataset, the lower ΔacidG°(g) prediction accuracy of the B3LYP/6-311++G(d,p) method relative to higher level G4 calculations, as demonstrated herein, requires consideration when constructing carbon acid aqueous pKa QSPRs. In addition, lower carbon acid pKa prediction accuracy via ΔacidG°(g) based QSPRs than implied by Charif et al. [10] should be expected using both low and high level theoretical methods. For example, with our reduced set of carbon acids, we obtain a regression standard error at the B3LYP/6-311++G(d,p) level that is nearly twice as large as obtained by Charif et al. [10] at the same level of theory for the same compounds, [10] and about equal to that we obtained using both high level G4 results and with the experimental ΔacidG°(g) dataset. This difference at the B3LYP/6-311++G(d,p) level between the two studies is primarily due to the erroneous ΔacidG°(g) these authors obtained for toluene, which was highly favorable in terms of their QSPR model quality-of-fit (i.e., note different locations of the toluene datapoint in Figure 2 (a) and (b) between the two studies). Thus, further theoretical efforts are warranted to determine what other carbon acid functional groups may be outliers that confound accurate applications of computationally estimated ΔacidG°(g) based carbon acid aqueous pKa QSPRs.
Appendix Table S1 . Gas phase standard state (298.15 K; 1 atm) molecular enthalpies and free energies at the B3LYP/6-311++G(d,p) and G4 levels of theory for the compounds under consideration.
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